Plain language summary
======================

In Denmark, the human papilloma virus (HPV) vaccination coverage has decreased in recent years probably because of extensive media attention on reports on suspected adverse events. However, several large international studies have not found associations between the HPV vaccines and serious adverse events. It is important to continuously investigate the safety of the HPV vaccines, but in addition, it is also important to look at other factors that may contribute to an explanation to why some women have experienced suspected adverse events after vaccination. Through data retrieved from various national health registries, this study has investigated psychiatric conditions and general practitioner (GP) attendance before vaccination and the risk of being referred to an HPV center because of suspected adverse events after vaccination. The study found that women referred to an HPV center more often had a psychiatric condition, psychological symptoms or higher GP attendance before vaccination. These results indicate that other factors than the vaccination may also play a role when experiencing suspected adverse events after vaccination.

Introduction
============

Cervical cancer is the fourth most common cancer among women with 570,000 new cases and 270,000 deaths each year worldwide.[@b1-clep-9-465] As a preventive strategy, vaccination against human papilloma virus (HPV) has been implemented in national immunization programs in 58 countries, and in Denmark, the Danish Child Vaccination Programme has offered vaccination to all girls at the age of 12 since 2009.[@b2-clep-9-465],[@b3-clep-9-465] In addition, two catch-up programs have been available to provide free vaccination, the first one from 2008 to 2010 for women born from 1993 to 1995, and the second in 2012 and 2013 for women born after 1984. The efficacy of both vaccines has been examined extensively and found to be highly protective against HPV infection and thereby cervical dysplasia.[@b4-clep-9-465]--[@b9-clep-9-465] No severe adverse events (SAEs) including several neurological and autoimmune disorders have been reported in the published studies.[@b8-clep-9-465],[@b10-clep-9-465]--[@b18-clep-9-465]

However, by 2016, the Danish Medicines Agency (DMA) has received \>2,300 reports on suspected adverse events among \~600,000 HPV-vaccinated women. From these reports, \>1,000 were categorized as serious.[@b19-clep-9-465] As a consequence, five specialized hospital settings (hereafter HPV centers) were implemented in 2015, one in each region of Denmark, and by the end of 2015, \~1,600 women had been referred to these centers because of suspected adverse events of the vaccine. The HPV center's main task is to examine the referred patients from a bio-psycho-social perspective in order to suggest proper treatment and rehabilitation.

There is a clear discrepancy between the scientific research and the clinical experience in Denmark. It is, therefore, important to supplement safety studies with research on specific predictors for experiencing suspected adverse events following HPV vaccination. Although no evidence at present supports a causal link between the HPV vaccines and illness, a Danish case study observed numerous somatic symptoms in referred women.[@b20-clep-9-465] Having numerous somatic symptoms has been associated with psychiatric conditions, particularly anxiety and depression, as well as having increased general practitioner (GP) attendance.[@b21-clep-9-465]--[@b29-clep-9-465] This study, therefore, aims to examine the association between psychiatric conditions, GP attendance and indicators for possible psychological symptoms before vaccination and referral to an HPV center because of suspected adverse events after vaccination.

Materials and methods
=====================

Study design and source population
----------------------------------

The study was conducted as a register-based, matched case--control study.

In Denmark, all citizens are assigned a unique personal identification number (Civil Personal Registration \[CPR\]) at birth. We used this number to identify the source population consisting of Danish, HPV-vaccinated women born from 1975 to 2008 and to link personal information across national health registers. Criteria for being identified as an HPV-vaccinated woman included having ≥1 service code registration for vaccine injection (Gardasil^®^ \[Merck & Co., Whitehouse Station, NJ, USA\] or Cervarix^®^ \[GSK Biologicals, Rixensart, Belgium\]) in the Danish National Health Insurance Service Register (service codes 8328, 8329, 8330 or 8334, 8335 and 8336) or ≥1 registration of redeeming a prescription for the vaccines in the Danish Register of Medicinal Product Statistics (Anatomic Therapeutic Chemical \[ATC\] code J07BM01, J07BM02 or J07BM03).[@b30-clep-9-465],[@b31-clep-9-465] The source population consisted of 534,580 HPV-vaccinated women.

Study population
----------------

We defined cases as HPV-vaccinated women, born from 1975 to 2008 who were referred to an HPV center from 1.1.2015 to 31.12.2015. We obtained CPR numbers on cases from each HPV center and merged these with the personal data from the Danish Register of Medicinal Product Statistics, the Danish Psychiatric Central Research Register,[@b32-clep-9-465] the Danish National Health Insurance Service Register and Statistics Denmark. Among the 1,592 women who were referred, 90 cases were excluded because they were not registered with an HPV vaccination according to our data. This resulted in 1,502 cases. For each case, five HPV-vaccinated women (controls) were randomly selected from the source population, matched on age, region and time of first vaccine registration (±2 months). For six cases, it was not possible to find a full set of controls, and we, therefore, excluded them from the study. Hence, a final sample of 1,496 cases and 7,480 controls were included resulting in a total study population of 8,976 women.

Exposures
---------

We defined psychiatric conditions according to redemption of prescriptions for psychiatric medication in the 5 years prior to the first vaccine registration. Redeemed prescriptions on psychiatric medication were identified through ATC codes in the Danish Register of Medicinal Product Statistics. The following ATC codes were used for identification of psychiatric medication: N06A\* (antidepressants), N05A\* (antipsychotics), N06BA\* (attention deficit hyperactivity disorder \[ADHD\]), N05BA\* (anxiolytics), N05BB\* (anxiolytics), N03AX16 (anxiolytics) and N05BE01 (anxiolytics). However, N06AA (tricyclic antidepressants) and N06AX12 (bupropion) were excluded because of their frequent use for insomnia, smoking cessation and as pain medication.[@b33-clep-9-465],[@b34-clep-9-465]

We further identified the presence of psychiatric conditions according to hospitalization due to a psychiatric disorder in the 5 years prior to the first vaccine registration. Information on hospitalization for psychiatric disorders was obtained from the Danish Psychiatric Central Research Register using the following International Statistical Classification of Diseases and Related Health Problems 10th Revision codes as main diagnoses: DF20--DF50 and DF90.

Information on GP contacts was obtained from the Danish National Health Insurance Service Register. GP contacts were defined as face-to-face, telephone/email and out-of-office contacts. GP contacts related to pregnancy were excluded. As indicators for possible psychological symptoms, we identified talk therapy and psychometric test in the 5 years prior to the first vaccine registration through services provided by the GP and registered with the following service codes: 6101, 4003, 4106, 4021--4027, 4050, 4247--4249, 4063 and 2149.

Covariates
----------

From Statistics Denmark, we obtained information on household type (six groups) and family socioeconomic group (nine groups), and included these in the study as potential confounders, in addition to the matching variables. All covariates were estimated 1 year prior to the first vaccine registration; however, when data were missing, we obtained data from the year of the first vaccine registration instead in order to minimize the number of missing values.

Statistical analyses
--------------------

Characteristics for cases and controls on matching variables, covariates and exposures were summarized using numbers and percentages.

We conducted multiple conditional logistic regression analyses in order to describe the association between the use of psychiatric medication, hospitalization, GP attendance and indication for possible psychological symptoms in the 5 years prior to the vaccine registration, respectively, and referral to an HPV center.

Psychiatric medication and hospitalization due to a psychiatric disorder were dichotomized as yes/no, and in subanalyses stratified on type of medication (anxiolytics, ADHD medication, antidepressants and antipsychotics) and type of diagnosis (DF20--29 \[schizophrenia, schizotypal and delusional disorders\], DF30--39 \[affective disorders\], DF40--48 \[neurotic, stress-related and somatoform disorders\], DF50 \[eating disorders\] and DF90 \[ADHDs\]).

Frequency of GP contacts in the 5 years prior to the first vaccine registration was defined from the age-specific decile distribution, and the fifth decile was used as reference.[@b35-clep-9-465]--[@b37-clep-9-465] Use of talk therapy or psychometric test during the 5 years prior to the first vaccine registration was dichotomized as yes/no.

The analyses on psychiatric medication, hospitalization and use of talk therapy or psychometric test only included women above 18 years, as few women below 18 years were expected to have experienced psychiatric morbidity.

In addition, we used negative binomial regression analyses in order to examine the overall development of GP attendance within 5 years before the first vaccine registration. This analysis included the entire study population. The results are presented as incidence rate ratios (IRR) with 95% CI for each year, adjusted for matching variables and covariates. A two-sided *p* value of 0.05 was considered statistically significant.

Finally, we used the estimated adjusted odds ratios (ORs) and the prevalence of exposure among cases (PE) to estimate population attributable fractions (PAF) using the formula (PAF=PE\[OR−1\]/OR). The PAF can be interpreted as the proportion of cases that can be attributable to the exposures, assuming that the association is causal and all confounders have been accounted for. All statistical analyses were performed using STATA13.1^®^ statistical software (StataCorp LP, TX, USA).

Results
=======

Characteristics for cases and controls are presented in [Table 1](#t1-clep-9-465){ref-type="table"}. The majority of cases came from the Capital Region and were vaccinated in 2009 and 2012 at the ages of 10--15 and 21--25 years. This corresponds to the age where the Danish Child Vaccination Programme is offered and to the years and ages for the catch-up programs. For the potentially confounding covariates, cases and controls were similar regarding both household type and family socioeconomic group ([Table 1](#t1-clep-9-465){ref-type="table"}).

The analyses showed that \~29%, 18% and 28% of cases above 18 years were considered exposed in relation to psychiatric medication, hospitalization and use of talk therapy or psychometric test, respectively ([Table 2](#t2-clep-9-465){ref-type="table"}). The equivalent prevalence among controls was 17%, 9% and 18%, respectively. However, women, who were referred to an HPV center, were 88% more likely to have used psychiatric medication within 5 years prior to the first vaccine registration compared to controls (OR: 1.88 \[95% CI 1.48--2.40\]). Subanalyses performed on medication type showed that, compared to controls, women, who were referred to an HPV center, were 91%, 96%, 106% and 88% more likely to have used antipsychotics, antidepressants, ADHD medication or anxiolytics 5 years prior to the first vaccine registration, respectively (OR: 1.91 \[95% CI 1.22--2.97\], OR: 1.96 \[95% CI 1.52--2.52\], OR: 2.06 \[95% CI 1.11--3.81\] and OR: 1.88 \[95% CI 1.21--2.92\]) ([Table 2](#t2-clep-9-465){ref-type="table"}). Referred women were 113% more likely to have had any hospitalization due to a psychiatric disorder within 5 years prior to the first vaccine registration (OR: 2.13 \[95% CI 1.59--2.86\]), and specifically affective and neurotic, stress-related and somatoform disorders had a higher risk. In addition, eating disorders, schizophrenia, and schizotypal and delusional disorders showed a tendency toward higher risk, which, however, failed to reach significance. Referred women were 72% and 67% more likely to have had talk therapy or a psychometric test performed by their GP, respectively (OR 1.72 \[95% CI 1.35--2.18\] and OR: 1.67 \[95% CI 1.30--2.13\]). Adjustment for household type and family socioeconomic group only changed the estimates marginally ([Table 2](#t2-clep-9-465){ref-type="table"}).

During the 5 years prior to the first vaccine registration, both cases and controls show increasing mean GP attendance up to the time of vaccination. However, the IRR remains steady and consistently higher for cases compared to controls ([Figure 1](#f1-clep-9-465){ref-type="fig"}). Descriptive analyses show that 46% of cases and 25% of controls belong to the top three deciles of GP attendance frequency (data not shown). Women belonging to the age-specific 6th--10th decile of frequency of GP contacts have a higher risk of being referred to an HPV center compared to the 5th decile. In contrast, women belonging to the 1st--3rd decile have a lower risk of referral to an HPV center compared to those in the 5th decile ([Figure 2](#f2-clep-9-465){ref-type="fig"}).

For the PAFs, assuming an unconfounded, causal association, use of psychiatric medication, hospitalization due to a psychiatric disorder, and use of talk therapy or psychometric test "explained" \~13%, 10%, 12% and 11% of the referrals, respectively. For the specific types of psychiatric medication, the PAF was the highest for the prior use of antidepressants (12%). For GP attendance, belonging to the top quartile "explained" \~25% of the referrals.

Discussion
==========

Principal findings
------------------

The study found that women who have been referred to an HPV center because of suspected adverse events after vaccination have 1) more frequent use of psychiatric medication, 2) more psychiatric hospitalizations and 3) a history of more GP contacts, including talk therapy and psychometric test, in the 5 years before vaccination compared with vaccinated women of same age, region and vaccination time. However, this difference in psychiatric morbidity and psychological symptoms could only "explain" a smaller fraction of the referred cases.

Strengths and limitations
-------------------------

As the study is register-based, participation was almost complete. In addition, all cases have been examined by their GPs and subsequently referred to an HPV center. This validates the case definition without making it complete. A total of 1,592 cases were collected from the HPV centers, and from them 96 cases were excluded. For 90 cases, exclusion was due to missing registration of HPV vaccination and six cases did not have a full set of controls. The excluded cases only constituted 6% of the total number of cases. Missing vaccine registration is probably because of register errors and is likely to be independent of a later referral. This is, therefore, not considered to have caused relevant selection bias. The six cases without a full set of controls did not differentiate on either matching variables or covariates, and selection bias from the exclusion of these individuals is, therefore, also considered unlikely.

In relation to obtainment of information on GP attendance and specific services on an individual level from the National Health Insurance Service Register, the accuracy and validity of the information is considered high, as a person's CPR number is meticulously registered at each GP visit, and GPs are relying on correct registrations in order to receive remuneration.[@b30-clep-9-465]

For psychiatric medication, the Register of Medicinal Product Statistics provides information on redeemed prescriptions on an individual level. However, it provides no guarantee as to whether the patient took the medication. Still, it is reasonable to assume that no GP would prescribe this type of medication unless indicated, and the patient is, therefore, likely to have psychiatric symptoms even if the redeemed medication is never consumed.

For hospitalization due to a psychiatric disorder, the Danish Psychiatric Central Research Register also provides information on an individual level, and is considered of high validity as research has shown high positive predictive value.[@b32-clep-9-465]

In addition, all exposure variables were obtained from registries recorded before vaccination and is, therefore, not based on self-reports by patients or relatives.

The analyses have been adjusted for family socioeconomic group and household type, which only changed the estimates slightly. It is, however, possible that other variables, which we did not have information on, may have confounded the associations.

Comparison with other research
------------------------------

To the best of our knowledge, this study is the first to examine the association between psychiatric conditions before HPV vaccination and the risk of being referred to an HPV center because of suspected adverse events to the vaccination. However, the results of this study are in line with the study by Molbak et al[@b38-clep-9-465], which found a significant association between use of GP contacts through telephone and email 2 years prior to vaccination and reporting a possible SAE to the DMA after HPV vaccination. In addition, the risk of reporting a possible SAE was also higher among women who had visited a psychologist or psychiatrist prior to vaccination.[@b38-clep-9-465] Their results are, however, not directly comparable to the findings of our study because of the difference in case definition. In addition, the study estimated GP contacts 2 years prior to vaccination as yes/no, whereas our study has counted the number of GP contacts. Still, it is likely that there is some overlap between the case populations, as it can be expected that some of the young women with reports to the DMA have been referred to an HPV center later.

Possible explanations for the associations
------------------------------------------

It is important to underline that only 13% and 10% of referrals can be "explained" by receiving psychiatric medication or being hospitalized before vaccination, respectively, and only 11%--12% can be "explained" by having received either talk therapy or psychometric test. Therefore, being referred to an HPV center cannot be explained by the investigated exposures alone. The results did, however, show that previous psychiatric morbidity was significantly associated with an increased risk of being referred to an HPV center. It is beyond the scope of this study to draw conclusions on the explanations for the associations. However, possible explanations for the estimated associations could be that 1) the symptoms would have occurred irrespective of the vaccination; these symptoms simply correlate over time; 2) people with psychiatric conditions have increased sensitivity toward the vaccine; the mental health problems modify a potential vaccine--adverse events association; or 3) people with psychiatric conditions react differently because of an alternative experience and perception of bodily and physical symptoms.[@b23-clep-9-465]

Although the PAF on psychiatric conditions may only have a smaller explanatory force as to why the included cases have been referred to an HPV center, the PAF on GP attendance can "explain" 25% of referrals. Having high GP attendance can be related to numerous causes such as having a preexisting somatic or psychiatric disease, injuries and/or frequent infections. It can, however, also reflect differences in illness behavior, which describes the manner in which a person monitors the function of his/her body, interprets symptoms, takes remedial action and makes use of health care facilities.[@b39-clep-9-465] It is, however, not possible for this study to distinguish between these possible explanations.

Implications for clinicians and future research
-----------------------------------------------

The results of this study are probably applicable in young women elsewhere, who have also received the vaccination at age 12 or older; however, the results need not be applicable in study populations where the vaccine is provided at a younger age.

The study may provide knowledge to GPs for identification of especially vulnerable girls and women, as well as supporting a better understanding and thereby possibly a more optimal treatment of women already referred to an HPV center. Further research, which includes epidemiological research on predictors and risk factors in order to more fully comprehend the mechanisms behind the current situation, is needed, as well as biological studies in order to fully investigate possible safety issues with the vaccines.

As the study only includes vaccinated girls it is not possible from this study to draw conclusions on the possible causal link between the vaccine and potential adverse events. Hence, the results do not rule out that referral to an HPV center was related to vaccine-induced adverse events. It merely states that the women's medical history should be taken into consideration when planning a treatment strategy.

Conclusion
==========

Being referred to an HPV center because of suspected adverse events after vaccination was associated with use of psychiatric medication and hospitalization due to a psychiatric disorder in the 5 years prior to HPV vaccination. Referrals were also associated with higher frequency of GP attendance and use of talk therapy or psychometric test in the 5 years prior to HPV vaccination. Although the study has identified these associations, other designs are needed to shed light on the causal mechanisms and directions behind the associations.
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###### 

Characteristics of matched variables and covariates for cases and controls at the time of vaccination

  -------------------------------------------------------------------------------------
  Characteristics                           Cases\                Controls\
                                            (N=1,496)             (N=7,480)
  ----------------------------------------- --------------------- ---------------------
  **Matched variables**                                           

   Age at vaccination, years, n (%)                               

    10--15                                  985 (65.9)            4,928 (65.9)

    16--20                                  123 (8.2)             612 (8.2)

    21--25                                  247 (16.5)            1,235 (16.5)

    26+                                     141 (9.4)             705 (9.4)

   Region, n (%)                                                  

    North Jutland                           179 (12.0)            895 (12.0)

    Central Jutland                         267 (17.8)            1,335 (17.8)

    South Denmark                           301 (20.2)            1,505 (20.2)

    Capital                                 436 (29.1)            2,180 (29.1)

    Zealand                                 313 (20.9)            1,565 (20.9)

   Year of vaccination, n (%)                                     

    2006                                    1 (0.07)              2 (0.02)

    2007                                    24 (1.6)              123 (1.6)

    2008                                    223 (14.9)            1,115 (14.9)

    2009                                    274 (18.3)            1,370 (18.3)

    2010                                    143 (9.6)             718 (9.6)

    2011                                    142 (9.5)             707 (9.5)

    2012                                    360 (24.1)            1,800 (24.1)

    2013                                    231 (15.4)            1,155 (15.4)

    2014                                    70 (4.7)              349 (4.7)

    2015                                    28 (1.9)              141 (1.9)

  **Covariates**                                                  

   Household type, n (%)                                          

    Single male                             18 (1.2)              121 (1.6)

    Single female                           327 (21.9)            1,493 (20.0)

    Married couple                          775 (51.8)            3,851 (51.4)

    Other couples                           246 (16.5)            1,262 (16.9)

    Child (\<18 years) not living at home   2 (0.13)              0 (0.0)

    Several families in household           128 (8.6)             753 (10.1)

   Family socioeconomic group, n (%)                              

    Owner of business                       80 (5.4)              433 (5.8)

    Employee with high degree               252 (16.9)            1,378 (18.4)

    Employee with middle degree             251 (16.8)            1,315 (17.6)

    Employee with basic degree              454 (30.4)            2,262 (30.2)

    Unskilled employee                      245 (16.3)            1,054 (14.1)

    Unemployed                              98 (6.6)              447 (6.0)

    Pensioners                              38 (2.5)              140 (1.9)

    Students                                46 (3.1)              304 (4.1)

    Others/child                            30 (2.0)              143 (1.9)

    Missing                                 \<5 (not estimable)   \<5 (not estimable)
  -------------------------------------------------------------------------------------

###### 

Odds ratio for being referred to an HPV-center according to the use of psychiatric medication, hospitalization due to psychiatric disorder and indication for psychological symptoms 5 years prior to the first vaccine registration in women above 18 years

  -----------------------------------------------------------------------------------------------------------------------------------------------------
  Psychiatric exposures                                      Cases\       Controls\    Crude OR\   Adjusted OR\
                                                             (N=448)      (N=2,240)                (95% CI)[a](#tfn1-clep-9-465){ref-type="table-fn"}
  ---------------------------------------------------------- ------------ ------------ ----------- ----------------------------------------------------
  **Psychiatric medication, n (%)**                                                                

  Any[b](#tfn2-clep-9-465){ref-type="table-fn"}              128 (28.6)   379 (16.9)   1.96        1.88 (1.48--2.40)

  Antipsychotics                                             33 (7.4)     78 (3.5)     2.22        1.91 (1.22--2.97)

  Antidepressants                                            117 (26.1)   331 (14.8)   2.03        1.96 (1.52--2.52)

  ADHD medication                                            16 (3.6)     37 (1.7)     2.17        2.06 (1.11--3.81)

  Anxiolytics                                                32 (7.1)     82 (3.7)     2.05        1.88 (1.21--2.92)

  **Hospitalization due to a psychiatric disorder, n (%)**                                         

  Any[b](#tfn2-clep-9-465){ref-type="table-fn"}              82 (18.3)    207 (9.2)    2.20        2.13 (1.59--2.86)

  Schizophrenia, shizotypal and delusional disorders         6 (1.3)      16 (0.7)     1.87        1.47 (0.56--3.85)

  Affective disorders                                        21 (4.7)     53 (2.4)     2.01        1.94 (1.15--3.28)

  Neurotic, stress-related and somatoform disorders          39 (8.7)     95 (4.2)     2.21        2.04 (1.37--3.03)

  Eating disorders                                           9 (2.0)      23 (1.0)     1.97        1.86 (0.84--4.10)

  ADHDs                                                      4 (0.9)      10 (0.4)     2.00        1.80 (0.54--5.94)

  **Indication for psychological symptoms, n (%)**                                                 

  Talk therapy                                               126 (28.1)   406 (18.1)   1.78        1.72 (1.35--2.18)

  Psychometric test                                          123 (27.5)   410 (18.3)   1.72        1.67 (1.30--2.13)
  -----------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Adjusted for household type and family socioeconomic group.

Some participants use \>1 psychiatric medication or have hospitalizations for \>1 psychiatric disorder.

**Abbreviations:** ADHD, attention deficit hyperactivity disorder; HPV, human papilloma virus; OR, odds ratio.
